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Materials：
The Cu foils (25 µm, 99.8%) were purchased from Alfa Aesar. All the solvents and chemicals used in experiment were purchased from Alfa Aesar, such as 100% ethanol, acetone, isopropanol, 1,2,4,5-tetracyanobenzene (TCNB), urea, phosphate, etc. All the chemicals, if not specified, were used without further purification.
Electropolish of Cu Foils:
The Cu foil was placed into a 500 mL beaker, containing the solution of 100 mL deionized water, 50 mL H 3 PO 4 (80%), 50 mL ethanol, 10 mL isopropanol and 1 g urea. The electropolish of Cu foil was operated by an electrochemical workstation.
The Cu foil and a large Cu plate were used as work (+) and counter (-) electrode, respectively. A current of 320 mA was maintained for 2 min during the polishing process. Immediately after polishing, the Cu foil was washed with sufficient deionized water, followed by blow-drying with N 2 .
CuPPc Films Transfer:
A procedure similar to graphene transfer was applied to transfer CuPPc films to an arbitrary substrate. At the first step, a thin film of polymethylmethacrylate (PMMA) was spin-coated on the CuPPc film. Next, the Cu foil was etched in FeCl 3 solution and a free-standing PMMA/CuPPc film was obtained. Then it was rinsed by transferred into a Petri-dish containing deionized water. Finally, the PMMA/CuPPc film was transferred onto the desired substrate and the PMMA protective layers were removed by submerging the substrate into acetone.
Analytical Characterization:
Optical microscope (OM, BA310MET) and atomic force microscope (AFM, Dimension ICON-PT) were done to characterize the morphology of the CuPPc films.
Transmission electron microscope (TEM, TF20, Joel 2100F) was used to determine the crystallinity. X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 250XI) was used to characterize the elemental composition of nitrogen and the valence state 
